The stand a rd pH values or th e solutio n or potass ium hyd rogen phtha la te (mo la lil y 0.05 mol kg-I) have bee n red ele rmin ed ove r Ihe le mpe ralure range 0 to 60 °C, us ing S RM l 8Se1. Ext e ns ive meas ure me nts we re made or th e e mr or ce ll s or Ih e Iype Pd; H2(g, 1 a lm)J KH phlhal ale (rn = 0.05), KCI (ml JA gC I;Ag wh ere m.KCI was 0.015, O.OJ., or 0.005 mol kg-I, rrom whi c h va lues or th e acidil y run cti on p(a ,"Ycl) we re derived.
Introduction
The NBS standard pH scale is fix ed by a series of primary standards [1- The pH is derived from the e mf of cell A, toge ther with a conven ti on [4] relating the numerical value of the activity coeffi c ient of chlorid e ion to the ionic strength (I) and th e te mpe rature, where 0 < I <: 0.1. It has been s how n [3] that , over the pH ra nge 3.5 to 9.2, thi s scal e is internall y consistent within 0 .006 unit at 25°C and within 0.013 unit at 10 and 40 °C; th at is to say, it is immateri a l, within these limits, which of the stand ards is c hose n for the calibrati on of pH measuring eq uipment in a given situation.
The solution of potassium hyd roge n phthalate, molality 0.05 mol kg-I, is probably the most commonly used of the NBS primary standard reference solutions. It is likewise the I Figures in bracke ts indicate the li te rature references at the e nd of this paper.
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s ingle primary standard of th e Briti s h Standard lnstitution's pH scale [5] . This soluti on is easy to pre pare from readil y available certified mate ri al and is reasonably stable. Furthermore, its pH is not mark edly sensitive to te mpe rature changes and li es in th e weakly ac idic region whe re the prac ti cal meas ure me nt and co ntrol of acidity is often required.
The precise e mf meas ure ments, on whi c h th e NBS values for thi s importan t s tandard refere nce soluti on we re originally based , were re ported by Hame r, Pin ching, and Acree betwee n 1944 and 1946 [6] [7] [8] [9] . The potass ium hydroge n phthalate used in their work consi sted of Standard Refere nce Materials 84a a nd 84b. These lots, certifi ed for ac idimetry, assayed ve ry close to 100.00 percent. No ex te nsive red etermination of pH(S) over th e ran ge 0 to 60°C was undertak en preparatory to the certificati on of potassium hyd roge n phthalate, SRM 185, as a pH standard, but it was shown [9] that 0.05 m solutions prepared from lots 84a, 84b, 84e, and 185 had th e same pH value . The certification of three subseq uent lots (SRM 185a, 185b, and 185e) was mad e b y comparison , usually at 25°C, of the emf of cell A found for the 0.05 molal phthalate solution , with added KCI, with corresponding data obtained in the earlier extensive investigation. The earli er values of pH(S) were the n altered uniforml y over the temperature range by an amount corresponding to the difference of emf found, at most a few thousandths of a pH unit. It is the purpose of this paper to report the results of a thorough study conducted prior to the certification of SRM I85d, a lot of which was shown by careful assay to have a purity of 99.99 percent and therefore presumably to be essentially identical with the material used in the earlier investigations of Hamer et al.
Method
The acidity function p(aHyd is readily calculated from the emf (E) and standard emf (EO) of cell A by the equation the molality of chloride ion (mC!) being known. As in the later work on the establishment of standard reference buffer solutions [10] , three molalities of KCI, namely 0.015, 0.01, and 0.005 mol kg-I, were used. The values of p(aHyd decreased linearly as mKCl increased, and the intercepts p( aHydO at mKCl = 0 were determined by linear regression analysis:
The final step in the assignment of standard values, pH(S), to the chloride-free phthalate buffer solution was the calculation of paH from p(aHydo:
where YCI is fixed by the pH convention proposed by Bates and Guggenheim [4] :
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In eq (4), A is the Debye-Huckel slope constant (molality scale) for the te mperature in question [3] . This convention is intended to apply over the full temperature range but is restricted to ionic strengths (I) no greater than 0.1 mol kg-I.
Experimental Procedures
In general, the experimental methods, including the preparation of the thermal-electrolyti c silver-silver chloride electrodes [3] and the techniques of the emf measurements [11], were the same as those described in detail in other publications. Departures from these standard procedures are set forth below.
The platinum bases for the hydroge n electrodes must be coated with palladium blac k instead of platinum black, in order to minimize reduction of phthalate [12] . Preliminary measurements showed, however, that lightly coated electrodes were more stable than those with a heavier coat of palladium blac k. Accordingly , the platinum foils were electrolyzed at a current of about 30 mA cm-2 for 5 to 10 seconds in a 1 perce nt solution of palladium chloride acidified with HCI and containing 0.08 g of lead acetate trih ydrate per 100 ml of plating solution. A strip of palladium metal served as anode.
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Unfortunately, hydrogen electrodes prepared in this way are not as reproducible as are those coated with platinum black (when they can be used), and some instability at the higher temperatures gave testimony to a certain amount of reduction of phthalate. It was therefore necessary to adopt criteria for the rejection of a part of the cell data obtained in this extensive investigation. Each of the cells contained two electrodes of each kind, and th e e mf was measured both at the beginning and at the end of each tem perature series. In general, the criteria for rejection we re (a) differences greater than 0.1 m V between pairs of electrodes in th e same cell, and (b) differences greater than 0.3 mV between the initial and final measurements at 25°C. Although some of the cells behaved acceptably over the entire 0 to 60°C te mperature range, for best results it was found necessary to use fresh electrodes and solutions for the range 40 to 60 0c. Thus, the results of only 3 cells out of 27 measured at 10°C were rejected, whereas 25 of 44 we re rej ected at 50 0c.
The standard emf EO of cell A has been determined in two extensive series of measureme nts [13, 14] . Inasmuch as there is some evidence that Ag/ AgCl electrod es prepared in different laboratories by slightly differing procedures have slightly different potentials, it has been recommend ed [15] that EO be, in effect, redetermined under eac h set of experimental conditions by measure ment of the emf of cell A containing hydrochloric acid, molality 0.01 mol kg-I. Inasmuch as there is substantial agreement that the mean ionic activity coefficient (molality scale) of HCl has the values 0.904 at 25°C and 0.908 at O°C in this solution [15] , EO can be derived from these emf measurements. These results are higher than those found by Bates and Bower [14] ; the differences are 0.11,0.09, and 0.08 mV at 10, 25, and 40°C, respectively. H ence, for the present study, EO at all temperatures from 0 to 60°C was obtained by adding 0.1 m V to the values given in Ihe fifth column of table 1, reference [14] .
The potassium hydroge n phthalate, SRM 185d, had an assay value of99.99 pe rcent. It was shown to be equivalent to SRM 84a, one of the lots used by Hamer et al. [6] [7] [8] [9] 
Results
The e mf data from the cells meeting the criteria outlined above were corrected to 1 atm hydrogen pressure . They are numerous, and to conserve space the individual values (means of two pairs of electrodes in the same cell) have been averaged and the results summarized in table 1, together with the number of cells and the mean deviation from th e mean emf, in mY. Onl y the initi a l res ults at 25°C are give n; th e final resu lts a t thi s te mpe rature we re not used.
Values of the acidit y fun ction p(a H"Yd we re ca lculated by eq (1) and the interce pts p(aH"Ydo and slopes b obtained by linea r regressio n analys is ; th e relationship is shown in eq (2). This procedure was carried out in two wa ys: first, by use of the average p(aH"YCI) va lu es computed from th e ave rage emfs of table 1, and second , by use of th e entire populati on of p(aH"Yd values, that is, those derived from th e e mf of eac h individual cell. The inte rcepts obtained by th e two procedures differed by con s ide ra bly less th an 0.001 pH unit. The res ults collected in tab le 2 are nonetheless those obta in ed by treatin g eac h data point in div iduall y. The standard de viati ons of the inte rce pts and slopes are give n, and th e s tandard de viation for J·egression , expressed in m V, appears in th e last column. Application of the convention for "YCI set forth in eq (4) enables one to derive pH(S) from p(aH"YCI)O by eq (3). The ionic strength (I) required for this purpose was calculated from the ionic compositions of potassium hydrogen phthalate solutions; these have been obtained by Hamer, Pinching, and Acree [9] 13.3270
where T is the thermod ynamic temperature. Calculated values of pH(S) are given in the last column of the table. From a comparison of the expe rimental pH(S) with that calc ulated by eq (5), there is a standard deviation for regression of 0.0010 unit.
Discussion
The values ofpH(S) labeled "NBS" in table 3 were derived [1] from the emf measurements of Hamer and Acree [6] . The original e mf data, repOited in inte rnational volts, we re correc ted to th e absolute scale and p(aHYcl) obtained with the aid of EO from the study of Bates and Bower [14] . The pH(S) values res ulting from the application of the YCI conve ntion to p(aHYCl)O were fitted to a four-constant equation of the same form as eq (5) . The mean differe nce betw ee n experimen tal and calculated pH(S) at the 13 te mpe ratures was 0 .002 1, The s moothed values from this equation are listed in the second column of table 3. In ge ne ral, th e present results for temperatures below 20°C are slightly hi ghe r tha n those derived from the earlier data, and they are lowe r whe n the te mperature lies between 20 and 60°C. Ne ve rth e less , th e mean difference for all 13 temperatures is only 0.0033 unit.
In 1946, Hamer, Pinc hing, and Acree [9] calc ulated the paH values of solutions of potassium hydrogen phthalate at eight differe nt molalities, 0 .001 to 0.2 mol kg-I, from Kl and K 2 for phthalic acid and ionic activity coefficients estimated in a manner differe nt from the conv e ntion of eq (4) . At a molality of 0.05 mol kg-I, the values obtained in this way are in somewhat be tter agreement with those of the present stud y than are the values labe led "NBS" in table 3. The mean difference is 0 .0022 at the 13 te mperatures ; if 55 and 60°C (where the diffe re nces are 0.006 and 0.010 pH unit , respective ly) are omitted, the mean difference is only 0 .001 unit.
The largest diffe rences betw een the values in the second and third columns of table 3 occur at 0 and 35 0c. In thi s connection , it is noteworthy that th e experime ntal value from the earlier work is 4.006 at 0 °C; here smoothing has accentuated the discrepancy. Furthe rmore, the values of the prese nt study for the range 40 to 60°C are based largely on a different set of cells and solutions from those for 35°C and below. The greatest disparit y be tween ex perime ntal and calc ulated pH(S), namel y 0.0024 unit , occ urs at 35°C , and it seems likely that the experime ntal result at this te mperature is slightly low. No explanation for this incons istency can be found , ye t its ex is te nce appears to be sufficient justifi cation to regard the smoothed values of the las t column as the more reliable and self-consiste nt se t.
